Increasing consumer awareness of the environmental and social externalities of food supply chains in developed countries instigates the opening of grocery stores that renounce the use of disposable plastic packaging for their entire product range. The opportunities these novel stores offer in moving to an alternative, more sustainable retail system are currently not well understood.
Introduction

1
The UK Food Supply Chain (FSC) generated 17.3 million tonnes (Mt) of waste 2 which had an economic value of £19.2 billion in 2011 (WRAP, 2015) . Almost 3 90% of this waste (15.3 Mt) is food waste which accounts for a third of all food 4 purchased. This resembles the trend in the European Union where 88 million 5 tonnes of food with an economic value of 143 billion Euros were wasted in 2012 6 (Stenmarck et al., 2016) . Furthermore, the UK FSC emitted 176 Mt of CO 2 7 equivalents (CO 2 e) in 2011. Hence, FSCs in developed countries are generally 8 not sustainable but wasteful (Tassou et al., 2014) . Looking to the future, the 9 food industry faces many challenges: By 2030, global demand for food and 10 energy is expected to increase by 50%, leading to a 40% increase of water use 11 and freight transport (FoodDrinkEurope, 2012) . 12
In addressing these challenges in developed countries, Fox and Vorley (2004) 13 recognise supermarkets as the 'gatekeepers' of FSCs. They not only hold the 14 power to induce positive change at both consumer and supplier side but can 15 also pass down their external costs and responsibilities to food processors and 16 farmers. Some measures on how to improve the social and environmental 17 impacts of the food industry have been proposed but "more radical solutions will 18 be needed to reduce further energy demand in the food sector and mitigate the 19 related climate change impacts" (Tassou et al., 2014, p. 163) . Fundamental 20 change is necessary, but there is limited research on what such radical 21 solutions might look like and how they can be realised. Most efforts have 22 focussed on individual environmental or social impacts and on optimising rather 23 than rethinking the current system. 24
Even the UK government's ambition to move towards a zero waste economy 25 falls short of its expectations by promoting merely waste reduction and recycling 26 (DEFRA, 2010) . As recognised in the waste hierarchy, a better strategy is 27 actually waste prevention (UNEP, 2010) . Putting this first principle of the waste 28 hierarchy into practice, a number of grocery stores renouncing disposable 29 plastic packaging have opened across Europe. In these stores, consumers 30 bring their own containers, weigh the tare, fill in the product and pay according 31 significantly to the overall energy use of the food industry, but nevertheless has 23 potential to reduce its environmental impacts by recovering heat and using 24 renewable energy systems in refrigeration (Tassou, 2014) . 25
Emitting 18 MtCO 2 e yearly, UK households including catering facilities are the 26 second biggest contributors to the GHG emissions of the food industry (Defra, 27 2014a) . Recognising the role of dietary habits and lifestyle choices, including 28 increasing demand for meat products and convenience food, some scholars 29 ensuring fair prices for producers in developing countries (Baldwin, 2015) . Yet, 20 small-scale farmers in developed countries also suffer from market powers of 21 large supermarkets 4 . For example, only four large retail companies make up 22 about three quarters of the UK market (Steedman and Falk, 2009) . These large 23 market players use economies of scale to exert downward pressure on prices. 24
As a result, energy-using machinery has in many cases substituted human 1 labour. Not only does this increase food-related energy use, but it also creates 2 further pressures on small-scale farmers all over the world as they cannot afford 3 investments in new technologies (Canning et al., 2010; Pimbert et al., 2006) . 4
Whilst a lack of data does not allow the UK government (in particular 5
Department for Environment, Food and Rural Affairs, DEFRA) to identify 6 structural changes in the UK agribusiness (Langton, 2015) , Germany has seen 7 a decrease in the number of farms of 20.6% between 1999 to 2007 while the 8 number of employees reduced by 12.9% (BMELV, 2010) . Concentration of 9 market power at few major food corporations and retailers means they gain the 10 most profit in the FSC (Pimbert et al., 2006) . 11
Concerns about food safety have also been increasing. In 2006, approximately 12 450 people died from foodborne illnesses in the UK (DEFRA, 2006) . Food 13 safety can be increased by providing physical protection through packaging. 14 This prevents contamination while the protective atmosphere surrounding the 15 food inhibits bacteria growth (Davis, 2013) . Food safety is furthermore impacted 16 by complex supply chains which make it difficult to trace individual product 17 inputs (Wognum et al., 2011) . This lack of transparency is an important issue for 18 customers, 84% of whom mistrust the products they buy and are willing to pay 19 more for ethical and safe alternatives. They are concerned about the 20 correctness of certification (fair trade, eco, UTZ, rainforest alliance, etc.), 21 treatment of animals, conservation of natural resources and minimising pollution 22 and packaging (Co-op, 2004) . 23
Another issue relevant to both policy makers and consumers is over-and 24 undernourishment. While over 1.5 billion people are either overweight or obese 25 globally, one billion are hungry and malnourished (Baldwin, 2015) . Focusing on 26 the nutrition in developed countries, in the UK for example, 65% of men and 27 56% of women, equal to 24 million adults, are overweight or obese. An 28 unhealthy diet consists of high consumption of saturated fat, salt and sugar, 29 which are especially found in processed foods, and low intake of fruits and 30
vegetables. There are various obstacles to maintaining a well-balanced diet. 31
Even in Western societies many people live in poverty and cannot afford a 1 healthy diet. Food labelling and marketing is incomprehensive and misleading, 2 inhibiting truthful education and information transfer. A consumer survey 3
showed that the majority of Europeans find eating healthy challenging and 90% 4 of Britons would appreciate retailers to simplify a healthy diet (Mwatsama and 5 Stewart, 2005; Smith, 2008) . 6
Positioning of zero-packaging stores
7
There are several well established alternative food retail concepts that aim to 8 address the aforementioned environmental and social impacts. In addition to 9 conventional supermarkets, these alternative retail concepts include organic 10 food, ethical sourcing and fair trade, regional sourcing, and also neighbourhood 11 or local stores. As mentioned, conventional supermarkets carry large product 12 assortments, e.g. potentially up to 90,000 stock keeping units (Wood, 2015) , 13 and the associated distribution activities depend on food packaging in order to 14 facilitate trade and transport of food products (Risch, 2009 ). Organic food is 15 characterised by particular production standards, i.e. more natural methods of 16 growing and harvesting crops as well as avoidance of chemicals, and is 17 generally certified by a certification authority (ISTF, 2016) . Ethical sourcing and 18 fair trade aim to embed improved environmental and social standards into 19 production and distribution and compensate the producers fairly (Raynolds, 20 2000) . Regional sourcing is primarily concerned with established local food 21 supply chains, thereby reducing transportation requirements and supporting 22 local producers (Smith, 2008) . Lastly, neighbourhood or local stores emphasise 23 proximity to the final customer and hence convenience. Proximity to the end-24 customer may reduce the 'last mile', which is generally associated with a 25 significant environmental impact (Edwards et al., 2010) . 26 A classification framework of these different food retail concepts is developed in 27 Table 1 which identifies the core attributes commonly connected to each of the 28 food retail concepts introduced. These attributes can be likened to the decisive 29 competitive criteria that a store concept exhibits, i.e. order winners. These 30 criteria can win customer orders against competitive offerings in the same 31 market (Hill and Hill, 2012) . It needs to be emphasised that the connections 1 drawn here are indicative and cannot capture the unique characteristics of 2 individual stores. Actual stores may in fact exhibit the attributes from multiple 3 concepts and hence appeal to customers through multiple order winning 4 criteria. Nevertheless, it offers an insightful overview that captures essential 5 attributes of different store concepts. 6 13 Wognum et al. (2011) argue that it is inefficient 3 for businesses to deal with their business strategy and their economic and 4 social performance separately. The integration of these impacts into their 5 strategic long-term goals would unfold "opportunity, innovation, and competitive 6 advantage" (Porter and Kramer, 2006, p. 1) which are the guiding principles of 7 zero-packaging grocery stores. Hence, in analysing how zero-packaging 8 grocery stores integrate their environmental and social performance into their 9 business concept, we follow Porter and Kramer's (2006) strategic framework. 10 Their strategic framework aims to enable businesses to identify their 11 externalities, integrate them into their strategic long-term goals and quantify 12 their benefits. They separate the business activities into primary (Inbound 13 Logistics, Operations, Outbound Logistics, Marketing and Sales, and After-14 Sales Service) and support activities (procurement, technology development, 15 human resource management and firm infrastructure). In this study, inbound 16 and outbound logistics are combined due to the small scale of the stores under 17 investigation. Furthermore, firm infrastructure and human resources can be 18 regarded as less relevant at this stage. After-sales service in a conventional 19 sense does also not apply and is not included in the study. Excluding these 20 areas will not necessarily reduce the value of utilising the framework as Porter 21 and Kramer (2006) recognise that companies cannot target each of these 22 areas. Instead they could select a few social initiatives such as customer 1 information, truthful advertising, emissions and waste that benefit both society 2 and their own competitiveness. In our analysis, we separate identified benefits 3 into social and environmental categories as the former refers to favourable 4 impacts on people whereas the latter to those on the planet. Using Porter and 5
Kramer's (2006) value chain framework (Figure 3) we analyse through which 6 processes zero-packaging stores provide social and environmental benefits 7 whilst achieving gains for their business. 
11
Source: Adapted from Porter and Kramer (2006) 
12
The methodological approach followed is depicted in Figure 4 . In order to 13 identify zero-packaging grocery stores, a documentary analysis of websites, 14 videos and newspaper articles was undertaken. In parallel, a literature review 15 was targeted at understanding the environmental and social impacts of current 16
FSCs and at identifying key research questions and knowledge gaps related to 17 a more sustainable food industry. Semi-structured interviews with store owners 1 and managers as well as domain experts were conducted in order to capture a 2 wide range of views whilst generating comparable results. Interviews with the 3 FSC experts were used to contextualise the findings of the store interviews and 4 identify the barriers and drivers that zero-packaging stores are facing. to open their own store. Due to their innovative business models, two stores 2 that had not yet opened were also included in the study. Altogether, 21 stores 3 were asked to participate in the research in a personalized email request, 4 including a short information sheet and the questionnaire. Seven stores, located 5 across Germany, Austria and Italy, agreed, yielding a participation rate of 6 33.34%. Six respondents are store owners, while one respondent belongs to 7 the store management team. Several stores cited lack of time as a reason for 8 non-participation. Four phone interviews were conducted, while three stores 9 preferred to complete the questionnaire in written form. It has to be considered 10 that qualitative research is generally not about representativeness but rather 11 aims to "generalize from and about cases across a range of cases" 12 (Sandelowski and Barroso, 2007, p. 5) . The interviews were guided via a 13 questionnaire framework, but additional, non-predefined questions were raised 14 for clarification and more in-depth information. The interviews were recorded, 15 translated to English (if necessary), and transcribed. It was furthermore checked 16 whether questions were neutral and that the interviewer did not influence 17 answers through implied opinions or judgements. As the majority of the 18 interviews were performed over the phone, non-verbal behaviour could not be 19 observed (Robson, 2002) . The interviews were analysed using thematic coding 20 as explained in Rubin and Rubin (2005) . There was one main analyst and 21 results were double checked with two more researchers. In the results, the store 22 respondents will not be further classified as it could compromise their 23 anonymity. 24 
Expert interviews
Results
8
In order to analyse the zero-packaging stores' business concepts and their 9 social and environmental impacts holistically, we present our findings using 10
Porter and Kramer (2006)'s framework. Findings from the store interviews are 11 followed by those from the domain experts. 12
Store interviews 13
Operations
14
The seven stores that were interviewed for this study offer products free from 15 disposable packaging: dry products (wheat, pasta, rice, lentils, etc.) in bulk bins; 16 yoghurt, milk or jam in reusable glass jars or bottles and some also offer soap, 17 shampoo, etc. Except for two stores, all offer fruits and vegetables. Some stores 18 offer cheese, meat and fish at a refrigerated counter by trained staff, which is 19 too expensive for other stores. Others are located next to a butcher or cheese 20 shop. The customers bring and weigh their containers and pay for their 1 purchase based on its weight. Generally, store owners mentioned that in-store 2 operations are more time-consuming and ideally customers need to plan ahead 3 and provide the different containers they will need for their purchase. However, 4 store respondent (SR) 1 argued that this is not necessarily a weakness but 5 rather a strength of the store concept as it increases the appreciation for the 6 food. 7
Product variety is considerably smaller than in conventional supermarkets, 8 ranging from 300 to 1500 products. They offer some convenience products 9 such as jam, pasta, sweets and sauces, but generally do not sell processed or 10 frozen food. Overall, they want to "correspond to the day-to-day needs of the 11 customers" and claim that "the combination (of different produce in the meals) is 12 the diversity" rather than the mere number of products stacked in the shelves 13
(SR 1 and 4). SR 6 highlighted the importance of offering products that are 14 consumed frequently to avoid food waste. 15
Five stores claimed to offer a very different shopping experience compared to 16 conventional food stores: less stressful, better consultation and customers see 17 and try the product. They "want to prioritise the human again" (SR 2). Three 18 stores also have a small coffee or a snack counter in the store. 19
One store offers exclusive nutrition counselling, cooking workshops and 'recipe 20 boxes', containing assembled raw materials for further preparation at home. 21
The owner emphasised that by buying the recipe boxes, the customers would 22 notice how big a portion actually is. 23
Another core characteristic of the stores highlighted by all correspondents is the 24 small amount of food waste they produce, which is often included in their 25 business pillars. The stores either i) donate perishing foods ii) process unsold 26 food and sell their products for example in a counter lunch, café or catering, or 27 iii) process it for personal use: 28 (SR 4) . 4
Furthermore, people are more likely to buy only the amounts they need which, 5 according to the store owners, reduces food waste at the consumer-end. SR 4 6 also suggests that fewer customers buy goods ahead of time nowadays. The 7 stores with gastronomy stated that they generate little food waste. Their focus is 8 on preventing the disposal of food due to reaching their best-before date, even 9 though they are still edible. 10
Regarding food safety, all stores follow the hygiene regulations applicable. Meat 11 and cheese require refrigeration and only some stores are thus able to offer 12 them. Several stores mentioned that they work closely with hygiene regulation 13 offices. Furthermore, they generally have to pay closer attention to the condition 14 of products on offer. Most of the stores also remind customers on their websites 15 to clean their containers in order to prevent contamination. 16
Logistics
17
For most zero-packaging stores, products are delivered by different suppliers 18 and they do not manage the inbound logistics. Only one store is planning to pick 19 up some of the fresh products from small and medium size suppliers with their 20 electric vehicle. Several stores are designed as a franchising concept, yet only 21 one had already established multiple stores. Managing a central and a local 22 warehouse for their distribution, they do not focus on regional products. Four 23 other stores offer delivery services, which are mainly run by bicycles, electric 24 bicycles and electric cars. 25
The main difference from the conventional grocery stores is the prevention of 26 packaging waste at the consumer-end. Packaging waste will be discussed in 27 detail in the section on Procurement (4.1.4). Overall, disposable packaging is 28 limited to paper bags which are available in most of the stores for customers not 29 bringing their own containers. One store uses stronger paper bags which can 30 20 be reused 10 to 20 times. Regarding packaging waste, the stores mainly 1 generate paper and carton waste and some plastic foil. The focus is on 2 reusable containers to avoid resources and emissions for the production, 3 recycling and disposal of the packaging material. In case of suppliers that do 4 not reuse containers, several store operators reuse them internally or 5 endeavour to find alternative use. 6
Only one store had already collected data about their packaging savings, but 7 most stores are planning to do so in the future: "In one year, the elimination of 8 the packages on the sales of wine and detergent brings an overall saving of 9 resources equal to 104 290 kWh of energy, 34 tonnes of CO 2 emission in the 10 atmosphere and more than 9.8 million litres of water that were not used for the 11 production and disposal of packaging in excess" (SR 5) . 12
Marketing and sales
13
Another key difference to conventional supermarkets is that none of the 14 interviewed zero-packaging stores offer different brands of the same product as 15 "Products have to be protagonists. There are no labels and no brands" (SR 5 One store explicitly said that their advertisement is honest compared to 21 conventional stores. Store 7 advises their customers to wisely choose the 22 portion size and rather come back for more. Jointly with their suppliers, they 23 organise events like lectures on sustainability and cooking workshops to 24 increase customer awareness. Being consistent with their priority to be 25 transparent, they provide information about their suppliers. One store plans to 26 reveal how much the producer eventually receives of the product price. 27
Two stores aim to inform their customers about the emissions they have saved 28 by renouncing disposable packaging via an application run on mobile devices or 29 a sustainability index on their website. By offering these services they claim to 1 increase the environmental awareness of their consumers. 2
The price difference to conventional supermarkets varies. Some stores 3 mentioned a price reduction of up to 12€/kg due to buying the products in big 4 bags. The producer saves packaging and marketing costs. Therefore, most of 5 them can sell their products cheaper than organic supermarkets. Yet, this was 6 contradicted by one store who said that they could not observe a great price 7 difference to packaged products. Yet, another store which does not focus on 8 regional products said consumers could save between 30-70% on average 9 compared to buying an equivalent packaged product. By purchasing only the 10 amounts needed, customers are flexible and can buy a greater variety of 11 products with the same or lower expenditure. Different stores embrace their 12 social goals by i) helping people to maintain a healthy diet at a reasonable cost, 13
ii) making organic products accessible to a wide range of consumer groups, and 14 iii) trying to offer products for every class of society. Therefore, one store offers 15 basic products at competitive prices, made possible by the direct transfer of 16 material and transportation cost savings onto the product price. Remaining 17 products are more expensive and consist of delicacies, such as self-developed 18 baking goods. When asked about the price comparison, one SR argued that 19 avoided environmental costs should be considered as well. 20
Procurement
21
Different criteria dominate the supplier selection on packaging, organic 22 production, regional origin and fair-trade. 23
Zero-packaging stores save disposable packaging at the consumer end, but 24 three of the stores stated that due to their small purchasing power, they do not 25 have an impact on packaging practices of the suppliers. They receive their 26 products in big bundles and bags (e.g. 25kg for rice or 1kg for spices). The 27 majority has a mixture of reusable and recyclable waste (cardboard, paper) and 28 some a minimum amount of disposable plastic foil, which is wrapped around the 29 While two respondents acknowledged that many suppliers are actually already 8 working with reusable packaging, others highlighted this as a barrier as there 9
are not many suppliers that can deliver the products in big bags. Especially 10 organic products are not available in big bundles. Therefore, the range and 11 quantity of suppliers depends on the region and the criteria stores impose upon 12 the suppliers, e.g. no plastic packaging, being in direct vicinity, using fair trade 13 products or organic production methods. 14 Two of the interviewed stores offer only organic products while the other five 15 also provide non-organic ones. The former group think organic products to be 16 ecologically valuable and healthier for both the consumers and the farmers. 17
Stores in Germany and Austria in particular emphasise organic products. 18
In general, the stores procure from smaller and medium farms directly as they 19
are not only more likely to change their packaging practices but will also help to 20 keep the transport distances as short as possible. Using regional products is a 21 priority for five stores with one store procuring products only within a 100km 22 with the weight and size of the containers already programmed into. Thus, 7 customers only select the type of container being used and weigh it including 8 the product. The purchase is saved on a card and customers only need to show 9 the card during payment. The interviewed store also invented a beverage refill-10 system with stainless steel containers that can be filled without contaminating 11 the content with oxygen, which could lead to shorter shelf lives and generate 12 food waste. Additionally, they designed plastic-free bulk bins that they also sell 13 to other stores. 14 The experts identified further risks that can arise from shopping practices in 1 these stores. Customers not cleaning their containers properly and cross-2 contamination were mentioned as potential food safety risks. However, these 3 could be prevented by educating people. Considering the store management, 4 an expert concluded that there are no concerns that could not be solved with 5 technology development. 6
Expert Interviews
Logistics
7
Supply chain experts emphasized that the efficiency of distribution does 8 generally not depend on the size of the store but rather on the logistics system. 9
Hence, different packaging design or less packaging would influence 10 transportation and distribution related emissions. Less packaging would make 11 the transport lighter and enable the distributors to ship more products, reducing 12 overall energy consumption per unit. However, the missing protective function 13 of packaging during transport and distribution needs to be addressed. 14
Marketing and sales
15
Various experts view the stores' claim to reduce food waste at demand side to 16 be very profound in particular. This is because they do not tempt customers to 17 consume more than required with promotional activities used by conventional 18 supermarkets such as "buy 1, get 1 free" or larger family-packages. 19
Nonetheless, the experts cautioned against other potential sources of food 20 waste: Firstly, fruits usually perish earlier if they are not packaged and are 21 exposed to other perishing fruits. Secondly, consumers are used to products 22 with a long shelf life. Consumers would have to adapt accordingly as they will 23 otherwise generate more food waste. 24
While three experts did not see a direct influence of zero-packaging grocery 25 stores on the diets of the costumers, two experts identified positive impacts. 26
They highlighted the substitution of processed foods with self-cooked meals, the 27 different shopping experience, marketing and engagement with the food: 28
"If they sell the right foods and people know how to cook, there are enough 29 products there to be able to provide good and healthy meals. Probably we 30 would avoid obesity and problems like that. [...] And I think [...] they won't be 1 influenced by the offers, the pressure and the end-of-peer promotions, etc., they 2 won't take home food they don't need." (Expert 11). 3
Procurement
4
The 'dysfunctionality of the supply chain' (Expert 13) where retail practices 5 generate food waste on the supply side was explained via an anecdote by 6
Expert 11: a befriended farmer has to plough back in 40% of their produced 7 leeks because they did not comply with the packaging guidelines set by the 8 retailers. Further, the farmer was also not allowed to sell it to other 9 supermarkets. In addition to avoiding potential food waste due to such 10 packaging guidelines, procurement of products from small farmers offers further 11 social and environmental benefits, such as independence from large retailers, 12 secured supply, and shorter delivery routes. Stronger ties with local/ regional 13 suppliers could possibly diversify the local agricultural production in some areas 14 and thus counteract habitation and biodiversity loss. Further, the retail market 15 would be more diversified and market power more distributed among the 16 players. 17
Contextualising social and environmental impacts of zero-
18
packaging stores 19 Expert 14, also working on climate change, explained three key considerations 20 for a sustainable food system: climate adapted production of food, reduction of 21 food waste along the supply chain and shifting towards a low-emitting 22 consumption. As the zero-packaging stores positively impact the two latter 23 areas, they could potentially have a significant impact if they were able to reach 24 scale. This would principally depend on product prices, followed by convenience 25 and thirdly environmental benefits. This expert argued that the majority of 26 consumers are not willing to pay more for a less convenient shopping 27 experience because of an improved environmental performance. On the other 28 hand, experts also noted that people are becoming more environmentally aware 29
and that there is a consumer niche that prioritises environmental performance. 30
Yet, reaching scale could also lead to new barriers as "supermarkets would fight 1 back and possibly try to persuade governments that there are food safety and 2 technological reasons not to allow it" (Expert 11). However, Expert 14 3 emphasised that the expansion of small stores is not going to be sufficient and 4 that large retailers need to adapt zero-packaging practices as well. As this 5 system fundamentally changes consumer-brand relationships and operations of 6 large retailers, government incentives and regulations are needed to convince 7 large retailers. For example, since May 2015 France forces retailers to donate 8 or process unsold food (N24, 2015). Also, UK supermarkets reported significant 9 reductions in plastic bag usage since the introduction of a 5 pence charge for all 10 single-use plastic bags in October 2015 (The Guardian, 2015) . 11
Overall, experts have highlighted many positive outcomes these stores stand to 12 provide by offering products without packaging, enabling consumers to control 13 product portions and focusing on healthier nutrition. Yet, the scope and 14 significance of these benefits would depend on them being distributed more 15 widely. 16 Table 2 This study aimed to analyse the operation of zero-packaging grocery stores; 2 find out their interactions with FSC actors and influences they have on them; 3 and ultimately assess their environmental and social impacts. We extended 4
Porter and Kramer's (2006) value chain framework in order to identify 5 processes through which social and environmental benefits emerge. The study 6 considered the operation, logistics, marketing and sales as well as procurement 7 functions of zero-packaging stores in order to assess their social and 8 environmental performance in comparison to conventional supermarkets. 9
Following a discussion of their performance to reduce food and packaging 10 waste, resource use and increase social benefits, we analyse their unique 11 characteristics compared to more established food retail concepts such as 12 ethical and organic food. Then we identify alternative pathways through which 13 zero-packaging could become more mainstream and thus drive more 14 sustainable consumption and production patterns. While we recognise the 15 importance of regional contexts in shaping the emergence and success of 16 potential pathways, the broad similarities in impacts of FSCs in different 17 markets (see e.g. Stenmarck et al., 2016) packaging does not significantly contribute to the greenhouse gas emissions of 25 the food industry (Garnett et al., 2003) . Moreover, Verghese et al. (2015) claim 26 packaging saves considerable emissions due to the prevention of food waste, 27 which is the most effective measure for minimising the environmental impact of 28 the food industry (Schmidt Rivera et al., 2014) . Although not all the products 29 available in conventional supermarkets can be offered without packaging or 1 reusable packaging, some zero-packaging stores offer up to 1500 products. On 2 the one hand, unpackaged fruits and vegetables might perish faster. On the 3 other hand, zero-packaging stores enable consumers to control the product 4 amount they buy, whilst also being less restrictive on size or form standards for 5 fruits and vegetables that farmers usually have to comply with. Hence, some 6 experts suggest that packaging standards might even lead to more food waste 7 than no packaging; thus, contradicting the argument that packaging is 8 preventing food waste. Furthermore, some of the interviewed stores are able to 9 avoid food waste by processing and serving unsold food at integrated snack 10 counters or catering services. This not only allows them to offer a greater 11 variety of products that are not consumed regularly but also extends the 12 potential reduction of food waste from consumer end to include retailer and 13 suppliers. In summary, comparing the pros and cons of zero-packaging stores 14 becomes rather complex and hence demands further investigation. 15
Resource use and emissions
16
Selling of fresh, limited refrigerated, less processed and more seasonal food 17 should lead to a significant reduction in energy and water consumption and 18 emissions, not only in the retail stores but also along the FSC as many of the 19 manufacturing processes are excluded. While Schmidt Rivera et al. (2014) 20 suggest home-made meals consume less energy and resources, differences in 21 cooking practices and lifestyle choices (e.g. cooking vs roasting) make the 22 calculation of energy needed for home cooking rather difficult. Products from 23 small-scale producers possibly have higher emissions than products from large 24 producers due to economies of scale, potentially reducing the benefits of these 25 stores. On the other hand seasonal products might balance out this effect. 26
Despite seasonal food potentially causing lower emissions, consumers are 27 accustomed to products being available all year round. Geographical 28 differences in climate and soil types/quality mean that the products zero-29 packaging stores can offer become limited if they opted to offer only seasonal 30 and regional products. The majority of interviewed stores understand that 31 regional products are only environmentally beneficial if they are not produced in 1 greenhouses or require excessive refrigerated storage. 2
Another factor impacting emissions is the efficiency of logistics. On the one 3 hand emissions might decrease, if less packaging results in increased 4 truckloads but could also increase due to heavier reusable containers and 5 increased backhaul transportation. Additionally, any adverse effects of missing 6 product protection, e.g. damages and food waste, need to be considered. 7
Regional products lead to shorter distances from the supplier to the store. 8
Besides lower emissions, a short supply chain enables easier and faster 9 communication and quicker response times to fluctuating demand (Reiner and 10 Trcka, 2004 ). However, it should be considered that the procurement at 11 suppliers was not explicitly investigated here. Hence, supply chains might 12 actually be longer than articulated by SRs and there was no data with regard to 13 the frequency of deliveries. 14
Social impacts
15
Zero-packaging stores return power to consumers by offering better portion 16 control and to suppliers by presenting an alternative to their conventional 17 consolidated buyers. Portion control is not only an environmental but also a 18 social benefit, as it reduces costs and avoids overconsumption. While 19 conventional supermarkets may also offer smaller portions, they simultaneously 20 introduce more packaging and charge a higher unit price. Monkhouse and Dibb 21 (2011, p. 22) argue that people need to be enabled to "do the right thing more 22 easily". If people are trying to renounce plastic in their lives, zero-packaging 23 stores will indeed simplify the process and provide an alternative and empower 24 people to have a more sustainable and healthy lifestyle. 25
Another customer benefit is the improved customer service in stores and 26 transparency about their suppliers, which could improve consumers' 27 understanding of FSCs. Coupled with the provision of recipe boxes, these 28 stores aim to facilitate a healthy diet. A disadvantage of unpackaged food is the 29 lack of information regarding cooking, storage and ingredients which is usually 30 provided on the packaging. Customers need specific knowledge and cooking 31 skills in order to handle and prepare the food properly. Interestingly, neither 1 store owners nor experts identified missing ingredient information as a problem 2 for allergies. Compared to conventional stores, zero-packaging stores have a 3 greater need to focus on hygiene and prevent food contamination. However, 4 several bulk stores have been successfully operating for years and meeting 5 food safety standards does not seem to emerge as a particular challenge. 6
Some stores articulated that they are able to offer further benefits to consumers 7 via competitive prices, claiming to offer some of the products cheaper than 8 conventional stores. As the majority of the interviewed stores prefer organic 9 products, the prices are comparable or lower than in organic grocery stores. 10 Thus, they could make organic products available for people who usually 11 cannot afford organic products. Although studies assert that prices of 12 unpackaged products decrease due to lower material and marketing costs 13 (WRAP, 2007) , not all interviewed stores observe this trend. These differences 14 might depend on the store size and the region. Additionally, only few suppliers 15 are suitable for zero-packaging stores at the moment. If the stores reached 16 scale and more suppliers would be able to offer bulk products, it could 17 potentially lead to further price competition. 18
Distinction from existing sustainable store concepts 19
Zero-packaging grocery stores follow a model that offers a radical change and 20 disruptive innovation. They operate at a scale close to a neighbourhood store 21 with a more limited product variety than found in conventional supermarkets. A 22 significant number of stores combine well-established, more sustainable retail 23 concepts such as organic and regional sourcing. In addition to supporting local 24 and small-scale farmers, some stores procure fair-trade products from 25 developing countries which are common practices for many supermarkets. 26
Even though they are far from presenting a homogenous set of practices, their 27 unique and common characteristic is the prevention of packaging waste at the 28 consumer end. Their conceptual and organisational business model sets a stark 29 contrast to efficiency-driven conventional supermarkets. By enabling consumers 30 to buy as much as they need without the allure of market offers and promotions 31 they prevent food waste and potential over-consumption whilst encouraging a 1 varied diet. Their flexibility to use unwanted products in food counters is another 2 practice that reduces potential food waste as reported by some of the stores. 3
They provide not only information and transparency but also allow consumers to 4 change their habits and simultaneously impact the operation of suppliers and 5 producers. Indeed, in their assessment of large retailers' initiatives to reduce 6 consumers' emissions, Morgan et al. (2015) report a lack of integration across 7 individual social material contexts in order to induce change in consumer 8 behaviour and practice. In this regard, zero-packaging stores integrate these 9 concepts across business activities by offering individual information supported 10 by a set of institutions along the supply chain. They stand to transform the 11 relation to and understanding of nutrition and offer quality food products for 12 moderate prices and with less environmental impact. 13 Given the expected preparedness of the consumer to bring their containers, 26 compared to making a momentarily shopping decision on the go, online 27 shopping (Anesbury et al., 2016; Moth, 2015) can contribute to their penetration 28 in the market. In such a system, reusable containers can be used as part of a 29 deposit-refund system which is shown to be effective in reducing emissions 30 (Simon et al., 2016) . Two issues might be relevant for this pathway's success 31 though: Associated energy and water use to ensure the hygiene of containers 1 and the lack of one-to-one personal interaction to provide advice to consumer 2 on using products with shorter shelf lives. 3
Transformative market potential of zero-packaging concept
Given large market shares of conventional supermarkets, a pathway that can be 4 more transformative is their adoption of zero-packaging concept as previously 5 done with organic food. In his analysis of organic food penetrating the 6 mainstream, Smith (2006) documents how the initial conception of organic 7 farms serving local communities with seasonal food became fragmented over 8 time. High compatibility of organic food with technologies, materials and 9 practices of conventional supermarkets, coupled with interests and positive 10 perceptions of multiple actors (such as soil associations, consumers, and 11 environmental organisations) drove conventional supermarkets to integrate 12 organic food into their product portfolios. Cost, availability and convenience 13 demands of conventional system have fragmented its ethos and resulted in 14 organically produced ingredients to be imported across the globe, processed 15 and packaged as with other (non-organic) goods. Yet, parallel to this, the more 16 complete organic vision continued its survival at niche level via farmer markets 17 or organic box scheme suppliers. Smith (2006) reveals that the higher the 18 degree of mainstream compatibility of a niche, the higher the chance of it being 19 adopted and integrated into standard routines and practices. The corollary is 20 that this compatibility blunts the transformative potential of niche. This example 21 can give us clues into which factors of the incumbent market regime are likely to 22 support or limit the niche development of the zero-packaging concept for 23 different business processes as articulated by Porter and Kramer (2006) (Table  24 4). 25 
3
Our analysis reveals a larger number of practices and routines of conventional 4 retailers that are more of a limiting than supporting nature compared to the 5 adoption of organic food. We identify in particular three issues that might 6 significantly impede this concept penetrating the mainstream. Shopping, 7 cooking and consuming non-packaged food requires consumers to get used to 8 products with shorter shelf lives and no use-by-date reminders. The second 9 issue relates to the traceability of non-packaged goods and the distribution of 10 associated costs and benefits across the FSC. Not only were the benefits of 11 organic food clear and supported by a multitude of actors but its introduction did 12 also not require changes in distributor, retailer and consumer routines and 13 practices. As the higher cost of organic food production was passed down to the 14 consumer directly, it did not pose a threat to conventional supermarkets' 15 business model in terms of promotions and market offers. However removing 1 packaging starting from the producers will require the distributors and retailers 2 to develop new handling, processing and logistics operations. It is also likely to 3 require more consumer facing staff to provide advice and help. Even though the 4 system benefits of zero-packaging are relatively transparent, it is not clear 5 which actors would actually reap the benefits or incur new costs. If it costs a 6 producer less to send bulk amounts but the retailer incurs higher costs due to 7 new handling procedures, should the consumer pay more or less? Currently 8 some large retailers in the UK offer some fruits and vegetables packaged and 9 non-packaged side by side. There are some organic stores with a bulk 10 department 5 operating in North America as well. As our research did not 11 analyse these operations, we do not have any evidence on how these practices 12 are aligned with the ethos of the zero-packaging concept. 13
Another issue linked to the supply chain is the quantification of environmental 14 benefits. Whilst stricter environmental laws and regulations on the amount of 15 waste retailers create can incentivise the supermarkets to reduce packaging 16 waste, the fact that it is distributed across the supply chain makes it difficult to 17 identify responsibilities. Institutional arrangements for eco-branding and third-18 party certification (Chkanikova and Lehneron, 2015) , similar to that for organic 19 products, can give consumers assurance and evidence on what benefits they 20 are getting in return for a less convenient shopping experience. 21
Despite these limitations, even though store respondents do not view cost 22 savings as their main message, communication of cost-saving advantages to 23 consumers might support zero-packaging stores in gaining access to a wider 24 customer base. Garnett (2011) points out that consumer could use their savings 25 to purchase more expensive food (meat) or non-food products, which could 26 possibly have a higher environmental impact ('rebound effect'). In this regard, 27 adherence to transparent pricing schemes and avoiding consumer confusion is 28 paramount as breaches of consumer law can result in enforcement action 6 and 1 may influence the reputation of the retailers. 2
Conventional grocery stores, non-governmental organisations and government 3 initiatives try to change consumer behaviour by providing additional information 4 (often on packaging) whilst industry performance is usually influenced by the 5 introduction of new laws and regulations (WRAP, 2014) . Another factor that will 6 support the growth of zero-packaging stores is the adoption of stricter laws and 7 regulations on the amount of packaging waste generated across the supply 8 chain. 9
A factor that will carry a larger weight on the expansion and adoption of zero-10 packaging concept is increasing consumer demand for more transparency and 11 sustainability along the FSC supply chain and an appreciation of freshly made 12 food over processed food. Table 5 offers a summary of the barriers and drivers 13 zero-packaging is facing in gaining wider adoption. 14 How these drivers and barriers might influence the emergence and success of 17 the suggested alternative pathways is very much dependent on the regional 18 context, including the regulatory framework and legislations, affluence of the 19 market and customer preferences. For example, in contrast to the experts' view 1 on customers not wanting to pay more for a less convenient shopping 2 experience, a study shows that more than 80% of German customers would 3 buy non-packaged goods: 35% in zero-packaging stores, 63% in supermarkets 4 with a bulk department (PwC, 2015) . The most important reason is to protect 5 the environment, followed by portion control. A third of them would be willing to 6 pay a higher price. To what degree similar views will be echoed in other 7 countries is a big unknown as Germany is well-known for its discounter and 8 cheap food prices whereas quality of food is potentially more important in e.g. 9
France or Spain. On the other hand, our small sample size does not allow 10 separating out the influence of regional contexts on the operation of the zero-11 packaging concept. 12
Conclusions and Further Research
13
The aim of this study was to analyse the prospects of zero-packaging grocery 14 stores to present a resource efficient and socially valuable alternative to 15 traditional food retailers. Zero-packaging stores renounce disposable packaging 16 and influence suppliers to adapt reusable packaging practices. As food waste is 17 the biggest negative externality of the FSC, the main advantage over 18 conventional stores is their potential to reduce food waste at supplier, retail and 19 consumer end. Utilising unsold food and focusing on seasonal and unprocessed 20 food avoids energy-intensive storage, manufacturing, and disposal processes. 21
By supporting small-scale farmers, zero-packaging stores may shorten supply 22 chains and increase overall transparency of the FSC. Operating with 23 unpackaged food requires close collaboration with hygiene regulation offices to 24 prevent food safety issues. Barriers to healthier diets are reduced by offering 25 portion control, healthy food for lower prices and increasing knowledge by 26 employing trained staff and carrying out events about sustainability and food 27 topics. Hence, the zero-packaging concept holds considerable potential to 28 improve the environmental and social performance of the food industry. Yet, this 29 comes at the expense of consumer convenience due to more time-consuming 30 shopping and a limited product range. 31
Our analysis points to three potential pathways by which these stores penetrate 1 the mainstream. The first pathway comprises the expansion of zero-packaging 2 stores. We identify two distinct types of stores: small stores resembling the 3 classical 'corner shops', versus more innovative ones developing new operation 4 systems to increase consumer convenience. The second pathway involves 5 online delivery. A third and more transformative pathway would be the adoption 6 of this concept by conventional supermarkets. 7
This qualitative, exploratory research has two main limitations. Firstly, most of 8 the stores are relatively young and therefore do not have empirical data to 9 quantify their advantages or disadvantages in terms of avoided packaging, 10 waste and emissions. Secondly, the expert interviews conducted provide an 11 initial reflection on the issues at hand and might not be representative or 12 provide full coverage. Nonetheless, this study gives first insights into the 13 operation of zero-packaging grocery stores and the impacts that zero-packaging 14 grocery stores have on the environmental and social performance of the food 15 industry. Future studies can aim to shed light on which characteristics of 16 regional contexts might support or limit the emergence and operation of zero-17 packaging stores and how this varies across different countries. As our study 18 presents zero-packaging stores operating in European markets, further studies 19 can look into other international contexts such as Asia, Australia and Africa. 20
Another knowledge gap is around consumer attitudes and behaviours, including 21 how frequently they shop, their socio-economic demographics, and their 22 motivational factors (Chekima et al., 2016) . Our research did not explore 23 whether customer loyalty is positively correlated with increased contact with 24 store personnel. Further research can analyse how no packaging impacts the 25 logistics along FSC and how that varies by seasons. Quantitative studies are 26 also needed to measure the impact: e.g. generation and prevention of 27 packaging waste and food waste (at supplier, store and consumer level), as well 28 as impacts on local economies and small producers. This could be done 29 through longitudinal studies in companies planning to reduce packaging or also 30 through archival research on previously implemented changes to packaging 31 practices. The resulting findings could be instrumental in finding the optimal 32 zero-packaging model for consumers and thus also support social research 1 about changing consumer behaviour for a more sustainable lifestyle. 2
